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7)%; 7}&2) *fll ^<S^ $H1 -#<5>S *\g. o)ZE\S)o] tgJ$Q 

m ^ *l|2 £^d; *fll 51^4 ^2 JE*}* ^71^ "S^Kr ^7fl^ £^ o^f^-g- 

S^Rr §1^-^-; *fll #7} z\}2 JE*I AfojcHi i§^<£ ^ 2 ^ofl 

t^o] o. o]^^ ^#o| tg^s} ^# «3HH;» ftiltcf. o]9\- ^ ^ 
£ 2 
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°<ja^! H^H«flJEL ^ zi ^lS«o v ^{ Inkjet printhead and manufacturing method 
thereof} 

£ 2^ ^-^Sl ^^HHl n*€- °<Ja3! H^H«f|:=£| £^ltr ^-E. 

£3^£ 2*11 5^1 € *le]-*Ml 7flSf^o] 

£ 5a £ 5g^ £ 2°\] o o i a 3i 2^Ej|ic f ^25^ 4^* 5*1 $r 

£ 6a ifl*l £ 6f^ 5L 4^1 <y 3 ^i h^e^c* ^ltr 

100... 7}^r 102... *fll ^<£l# 

104,204... t^Jf 105... *fll 

106,206... *fl2 .E^ 110,210... E*} 

110a, 210a... *fll ^-Jf 210b... *fl2 

112... *fl2 ^<£^ 113... # 

114... lif 118... 7fltilEflol>a « 0 ^1# 
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120... <83. 3!*H 



122 



... 



130... 



132... ^# 



^Mltb ^] 

«ga^! h^b^ii^, <yifl-g- (droplet 7i-i=-§-*i 

35 H^B*l]l=fe *l|7rM#4| <4el- 3711 ^7}7| « 0 ^o^ « s € ^ ol 

4. n <>l-g-sH ^3^1 Hll-(bubble)^ ^a]^ zl ^-g-oj sg^ofl 3 

^3 <%2\-d: S#^7l^ y o V ^^ oj^^i ^e^IEoIji, cf^ *}u}-^ .y-^^ 

^3 oj^^j h^e^coH^o] oj H on 3 ^j^u)^ ^ 

Tfl *1BH]^ <gol !|H9 5)^*1 ^^ofl o]^^- <g afe . ^ef 30 (rc 
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«H °Ja ^ tf^-i- 7>*>7fl ^cf. o]s. oi«fl ic# -^-^1 

£ l£ o]^ ^ *fl 6,293,654^^1 71^5} oj^^j n^E^noj ^ ^.g. q.^ 

^H^l #3HH(10)sJ-, wflol^ #3HH(10) 3H1 oj H ^^(22)» ^ 

*}tt 3^(20)4, 7^^(20) ^#S]^ #eflols(30)S. ^cf. °Ji3. ^ 

*1(22) i4l el] ^ °J37> *fl3*M, ^(22)3 ^efl^^l^ 0 <]3t 7}<g«H w^-^- 

$^*\7)7] *lEi(13)7> n>^£|ol oicf. oj a ^tf|(22)^ °J H ^(22)3 ifl^-S. 

^#*>7l ^ ^3 ot^sqol o^cf. #eflolH (30)^1 

*r oj^ *fl^(22Hl tfl-§-fr}^ fl^ofl oj^oj M ^ 0 ] ol-f-o^j^ cf^o) ^(32) 

^5]?^ ol^-^^l 7l^r(ll) <#o\]±r *1^(13)^ 7l^r(ll) *[o]s>] ^<g^- 

^ ^^#(12)^1 &t}. ^^^(12)-^ 7l^r(ll) -S-ofl ^ S a>2}.^ 

f^th^S^ ^^#(12) $Hfe ° 0 '3 ^(22) tfl^ o o i s# 7 >^*}oi b]m. 
* ^Al?l7l *1I=U13)7> ^^S)<H #4. o] *lEKl3)fe 
(TaN) 5£^ ^IM--^-?-*]^ ^(TaAl)^r ^<3^(12) #*f| 
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HVST-O} ^EflS ^^-f-O.^.^ ^^^Cf. ^&|(13) ^Hfe- <^ 71 ofl ^^-» 9l7}*}7] 4\® 

£^1 (conductor, 14 H *}^£H °1 £^1(14)^ ^l^nfl ^nl^- £ ^ ^^1^- 

^o.^. o) jjLo^c}-. ^^l^^s, £^(14)-°r ^^l-e- ^-tr *1e1(13) $H 4^ ^1 

elEKl3)sf £-£(14) $H*r ^^>7l ^tr (passivation layer, 15) 

°1 91^. iJl^(15)^: §lEi(l3)s]- £.^(14)ol ^S]^ 

53* y o^l*>7l f^fAS^ o]i=Lc>|;*lc}-. ZLElZL, 

J±Jl^(15) ^H]^ <?J3. (22)7} ^^S}^ ^$H1 7flHlBflol^ tij-^f, 

(anti-cavitation layer, 16)^1 ?H*13M^ « 0 >*l#(16)£r #^1 °<J 

a (22)^1 wv^^ °Ja (22) vfl^ ^^.oi ^ «H§sRf 

71M ^Sfl °1 £1(13)7} ^S] ±r *&*\is}7} ^ AS, ^3. «f^o] ol-g- 

°l^r ^1 7l^(n) ^Ml ^ 7fl ^ ^€ «lHi l-^HHUO) 

3Hl^r °(]3 ^^(22)# ^^^>7l ^Itb 3^(20H 5^. ole-ltr 3^(20)^ 

l-sl^l (photosensitive polymer)-!- *>lHi -i-elHB(lO) 7}<I, 7>°j-3rl-o>l <y- 

aj-* r ^ eM^H^( lamination)^ 0 )! £i£tr 3 , °1^- sfl&|^ ^- o.^.^ ^slt}. 

^ (22)^1 £o]6fl ^Sfl^t}. 

3^(20) 3H^r i^#(32)ol f§<%$6) oj-. ±^ l-EflolH(30)7} ol^ 
H# #3HH(30)^r l-BlolnlcCpolyimide) H^ H^lS c>l^^^ oioo] _ ^^( 2 0)# 

33"^* °l-g-*M ^^(20) 3H1 ^^^f. 
27-7 
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<26> ZLEiM-, olss). 7>^1^ H^B*fl:=°lH*r, I^H^ll- l^l^l 

*1bK13)7> tflef 30 ohm/square ^5L^ fe£r ^-§-^3. ol^^^-cil «Vsfl , 

°1 ^17H>^ £*kl4)£ °liLcf ^ 7-^°- 7 |.^- o] 

^ *1^(13)« ^*Hr *7>^>cf. 

<27> M. ^ 7 )2|. 5fl^*>7l flSM ^-^-SAi, ^ ^ 

H- ^ 7fl>Jd€ = fi Halls. ^ zl ^ls^^r *fl^Krt-ll n 

<28> ^-71 *V ^*>7] fl«H, £ nq-s. oj a ^i a ? ]^]£H i 

<29> 71^-; 

<30> # 7 j 7)%°) &t£o\] 

— ^^Rr 4^r7fl^ 5L^i if^fe §1E^; 

<33> ^"71 *fll t^jj]. Aj.7) ^ 2 A>olo]] ^Aj^^ AJ-7] 4=H^7fl<3} 51^ A>o] 
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<34> a o v 7 ) #«-ofl p>^£]^ %SL£., <$3.7} sfl^lxr °<J3L *8«1* *b^> 

1— —\—[> 

<35> ^"71 Z^S] AVtLofl n>^^^ ^7] oj 3 ^0} #-»MJ3- ?jiLS, #7l oj 

3- °o'H7f ic#oi f-3Mm;» ^Hi^cf. 

<36> <^7W, a o V 7 ) ^! ^ aj| 2 5L^ol zJ-Zf ^^#^f 4U ^ 41 2 

^ *j<45L *}H-41 41 ^<4 tg^t}. 

<37> ^"71 51^ ^7] 4U ^ 4|2 51*1 # <4^ B^S-JfE] 

^^S)7li4 Ti, TiN, Ta ^ TaN^-S. <4-r-<>l3l <4^ ^>M-^ #H 

<38> ^-7) E^l^l^ #7] 4U ^ 4|2 A o V 7l ##4l 

<39> ^ ^ofl n}^ oj a jj| n^E^c^ 4lS« 0 V ^£r, 

<40> ( 7 » 7l^ K ^o\] $^«Hr Cj-T^]; 

<41> ^71 411 *i<3^ 4U £^d# ^*Rr #41; 

<42> (tf) #7] 411 ^ ^"71 4U JE^I ^<41 412 ^<2^# ^^^oL, °1« 

*H A oM 411 ^#Al7l^ ^7flSl W] o> ^ *g^*}^ #41; 

<43> (51-) #7] «lo> AV 7 ) ^ 2 ^<g^ o^ofl ^ 7 flSl £^ g 41 2 

^*Hr #41; 

<44> (p» Aj- 7 ) ^]! ^ ^ 2 ^"71 71^ ^igofl J±3L#-g- #41; 
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<45> (a» #7] ilf ^ofl 7flHlEflol^ «oM^ *g # *Rr #31; 

<46> (A» #71 #JjLo|l oj 3 ^*Kr 3^ ^S^f- ^Tjl; ^ 

< 47 > (o» # 7 1 3*3 ^ofl i^o] ^#^1 ^ #3HB# ^#*Kr #711 ;# Sf-tiq-. 

<48> #7l (5}-) ^Tfl^r, #7l tijo]- ^ # 7 1 ^ 2 ^<g# $H 

*>JL, sfll^«H # 7 } 4^7fl2l JE^ <g^# * #71 A]2 ^A]6fl ^#*Kr 

<49> HL^V, #71 (5}) ^Tfl^r, #71 «1 of ^ofl #;g-g. ^^-JL, o]^- ^Al#Z]- 

*M #71 4^r7flSl 51*1 *g#*Rr ^1^1-, #71 *fl2 *i<3^ ^ #7l £^ 9j 

^ ^°\) ^2 ^#*Hr ^^1# =r °H, #71 ±^9] #^ Ti, 

TiN, Ta ^ TaN ol-f-^*] ^ufo] ^Jo] ^q. . 

<so> o]^, ^ #^S1 h>^^ -^aH1# #4^ ^*lc|-. 

^M", °Vsfl °11 <^l^l5l^ ^Hlb ^-^^1 »g$l» tb^Kr It^-i- 

7l#^^Hl^ ^#^1 ^1^1^- 7>^1 7H1711 ^§1 ^^^>7l ^1^£]^ 3Mtl-. £ 

^^fJL^ ^^SL±^r X]^i5}^, 5L^#oflA^| Z}- ^-#^.^Oj| 37 ] 

^^fl*>^-Jl °fl, ^ #-8: 7l^-o]u} cf^ ^oi] 31^ ^*>^^i Zl $H ^7]]^- 

<51> 5L 2±r ¥ ^^HHl nj-g- °<J33! E^H^rfi] ^ 2*1^ c+^SL 

°M, £3^ E 2*11 51*1=1 yfl^^ 5g 5: CJ- . 5L#ofl^ h^e*)] 
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013 ^tH^ cf^S] tfol <gig 2 <lJL tifl^sH, «fl^£t ^o]7l ^Sfl 3 

^ £ 2* #2*}^, ^J^iLS ol^^l 7)^(100)^ m £#(105) 

4 71^(100) #-°l^ ^<a* X]l ^^#(102)c>l ^#£H &t)-. ^"71 XU ^ 

^#(102)^- *lB^(l04)ofl^ ^M^V 71^(100) ^ s 147^ ^-i: ^ 

^l^>7l ^tb ^1t^5] 7l^£ i5}7fl ^Hll ^#(102)^: ^tiV^^-S. 

*fll ^^^(102) 3H^r xll ^ x| 2 £.#(105) (106H #3. ^ 

3<H 91^. *fll ^ *fl2 £#(105)(106)£- ^ ^-4 ^ £##°1 

#7j X]l £#(105)4 Xl2 £#(106) #-oH^ *lll £#(105)-4 z\)2 £#(106)* 
^7l^] ^^#(110)^- S^Rr §1E^(104)7> n>^£]o| ol 

cf. ^>7l 5I# ^^^(HO)-i-^r ^12 £#(106)il^E-l *fll £#(105)4 

^^^4. *)U £#(105)4 £# ^^#(110)l-ol *IU •a^^-dlOa)!- 

°\ z^l^r t^o] ^fl^Tti ^cf. o]^*}- Tfligcq ^xItt 7(| 13 ^vx §Al?1 ^ i o] 

ofl n}-^ £A} ^^^(110)1-^ ^ 3. ^V^o. 7} ^ U] ^ ^ ( ^ £< g 
(110)1-8: XU ^ XI 2 £#(105) (106)41 oio c ] i ol^Tfl £ 

^^#(110)#^ #^%V^o] n^E^no] ^^6fl A^-S]^ 7^^o) uf. £ 3 ofl^ 
*fil £#(105)4 XI 2 £#(106) A>o]cHl ^7fl^ £# <£^#(110),g- 3E#*Kr 

elEi^-(104)^ ^^O] 7fl^^O.S £#SH 5U^. ^H, ^^^(H0)#-8- =L # 
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<55> £>*d <g^#(110)#^ £ 3<H1 ^l^Hl ^#-°S *§^m. 

#71 S^d ^^#(110)#^ £ 2<H1 u}<4 ^e) £^(105)^-S^ 

<56> afli £^(105) 34 z\]2 £^(106) >M-°Hfe £ ^ ^^^(110)1- *}o]°) ^fl-^- 

5L^- *fl2 ^^#(112)ol *§*$S\o] oit}. ^2 H<£#(112)-^ *fll 51*1(105)4 *}2 

51^ A>o](i06)^ ^ ^^#(110)# ^o}^ ^o^^. ^o. s> ^fli 

(102)4 c ll^HS. -Me}€- ^£-5. o]^^^!^-. 

<57> afli ^ ^12 51*1 (105) (106) iLJ:*}^ (passivation 

layer, 114) )°1 9X^ . °1 &| *V iL3L#(114)£: *l]l ^ *fl2 51*1 ( 105) ( 106) <>1 #2}- 

slTluf oj H ^. 0.5. #^^>7l ^-5-5., ^S. ^Sl-n-i- 

<58> a.5l#(114) floflfe- 7fl«lEflol^ w 0 >^#(anti-cavitation layer , 118) )°1 

« 0 ^1#(118)^- =L oj 3 ^^(120)^1 «>^^- ^^o} 

°<JH ^«Kl20) vfloj ^^.o] nfl iJ-^Kr <y-=Hl £\n mi^t 104)7]- 

<59> #7) ^ ^7fl^ #^#o] 71^(100)^ ^ofl^ Z3&(122)°} £14. 

#7] ^^(122)^r ^37> ^U^lxr °JH ^*1(120) ^ #71 ^(120)5. <8 

31- ^*Rr 0 o'3 -H-S(nl£A])^. ^H^4. ^, ^^(122)^ °J 3. ^(120)4 °J3 

^^-g- 01 = ^ ^x}. ole^> ^^(122)^ ##*j #h]^ (photosensitive 
polymer)-!- ^7fl£] #^#o] aj^g ^(lOO) #<>ll 7><1, t^sH e^-^l ^il °1 -^d 
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(lamination)^*!] i^Ltb 3, °1» sflB^^-o.^ ^4^4. o)v^ t $. 

e]4^ £i ^3 «-3t]oil 45} _9_^-4fe °JH *»«Kl20)4 ^o] 

3^(122) $H]i=. ^#(130)^1 ic§ f^HB(132)7} 3f^<H , °1 

^ ^# feME(132)b 1-4 °1 ol = (polyimide) 4^ °1^-<H^ Si^. 

#7]4 ^ ^2:^1^, ^7flSl SL^l <g^#(110)* i^Rr *lBmi04)fe- *l)l 
^ *fl2 iE^d (105) (106)911 ^l7>^ #fMl 4^4 o o i 3 *flyi(120Hl ^fl^^l <33* 

7>^*H »HM- ^^M^lTfl £4. 

^-TgjEolcf. £ 4911 514 € H^B^fe Hfl^)^ ^(barrier 

metal )S. °1^^^4^r 3 °1 ^ £ 2 41 2.4 € <Q3L%. H ^ H ^c^ -g-oj^ 44 
^, 0 l*H14*r =l ^ilJL ^^*>7lS ^4. 

£ 41- tis}?! , X)i 1E*}(105)4 ^12 5L*i(206)^- oJ^Hr ^^#(210)1- 
-c- Ti, TiN, Ta 5£^ TaN ^4 ^ ti]]44 pfl^s. o]^^ 014 0 ]e^ ^o] u\)^ 
^ *fll ^ *112 £^(105) (206)4^1 (adhesion)* ^MsM^ -£^1(105)4 *]]2 

-£^l(206)-i- -g-ojsMl ^JL, SE*V °i^#(210)l:^ Jl^^s}-^ t 

*fll ^ *fl2 £^(105) (206)o] £^ ^^f,( 2 i0)#4 *l]l ^ *]]2 

^^-?-(210a)(210b)l-9llfe AA ^7fls>7fl SH, ojofl 44 <a^#(210)S^r 

AA 7>47l] ^4. =L?lJL, °1 si *> ^^#(210)1:^ ^11 ^ *fl2 J£*l 

(105)(206H1 ^14°.^ ^S^M $^0.^ oj^Tfl <&^& 94^^(210)^21 ^*J- 

^T°l ^^H«ll^4 *)*\<>\} -S-^^ 
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<64> o}^3\. £o], ^d\) nf^ o o i a ^j h^ b ^co)]^^ ( £ ^ a>o1» 4^7)]^ £ 

<65> ol^oflA^, #71 °<J3^1 = # *H^*Kr «o V ^* ^*}7l3. *Vnf. 

<66> S. 5a ifl*l £ 5g^r £ 2°fl o o i a ^| Tll^Rr i^<5>7] 

<67> £ 5a^ 71^(100)^ *fll ^<g#(102)-g- ^, ^ $H *fll 5^(105) 

<68> 71^(100)^-5.^ ^e)^ SM^l- cfl^ 300~500^m ^51^ ^ 

*flS 7l-§-§H A >-§-ft4. °1 3 *V ^Cl^ 3] «>£^1 ^l^ofl ^e) Af-g-J^ 

5)^1, cfl^=^A>ofl jLSf^olcf. 

<69> £ 5a o|] ^ %}o)ii\o\ ^) ^tL-g. £ a1*V ^o_S.^\, -g. 

<70> ^lelZL, §«1^ ^sl^ 71^(100)^1 X^l *fll €<3#(102)* ^W-. ^7] Al 

^<2#(102)£r 7l^-( 100)^1 K^-i: JL-8r°\)*\ ^ 

Q^SLS. o]^o]^ + o^4. ^ f #-7] *£<£^(l02)-& 7^(100) ^Hl 

& £^ ^ cf€- *d<$ t|££ <>1^^ ^ $|cf. 
<7i> ofo^ 7l^r(100)Sl S^ofl *m ^<^#(102) $H *U £^(105)^- ^t_l 

^r. <L3.$±, ^7-1, ^<g^(102) ^^1^- £ ^ ^ ^ 

d <f2t ^rM* ^^h^ (sputtering)^] slsfl ^^><^ ^th=h °1 
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°H, A oM ^-##^1 ££?)l^iHt ^ oil- ^l^zHH) ^ 

^^liHf ^^*Vcf. ^-71 -g-^ # ^^}i3ofl ^S><X 

3<^zH ^*}<X XM*}j1, -f-^-^ ^l^^oi ofl^ ^ ^H^<H1 

<72> £ 5b^r X| 1 ^#(102) ^ XI 1 £^(105) XI 2 ^<3#(112)* ^^^31, o] 

1- *U3M«H X|l £^(105)^- 4^7fl^ v]o} ^ (via hole, 113)* 

^Efll- £A|^ ^0]4. 

<73> ^ f ^<g^(i02) ^ XI 1 £^(105) $H = o_ s o] *fl 2 

^£#(112)* *g^th cf^S., ^7) XI 2 ^#(112)* a>^1 ^ * ^ai 

^4 ^*<H1 XjE^SH £A} <g^^( £2 ^ 110)#Ol Jf «-Oj £ ^ 

(105)* ^#A]7l^ 4^7fl^ v]o\ #(113)* ^th=K 
<74> £ 5c 5b^ 113) ^ XI 2 ^^#(112) ofl ^7flS] 

(110) ^ XI 2 £#(106)* ^#tb ^Efl* %o]t±. 
<75> ni^ > ^ 7 fl^ wlo> #(£. 5b ^ 113) ^ XI 2 ^#(112) $H 5£^o] 

W^I-h-^M- t^^lF ^ ^ ^rM* ^#* ^W^-. 4*0.5!., 

A <M ^#* *l#^r ^ *3 * Alzj- ^ofl o]§H *fl^*H 4^7fl5| £Aj ^| 
#(110) £ X12 £#(106)* t^tbcj-. 
<76> £ 5dfe XI 1 ^ XI 2 £#(105) (106)* £ 5c°fl £#€ ^ ^Tgofl 

J±Jl#(114)* ^#*> #Efl# ^ojcf. a.S^(114)^- Sj-^M^^ofl ^isfl ^ 

e)^- ^sKHSiN) ^* #^o.S>X *i#€ *r 
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<77> JE 5e^ HJL#(114) H <M^( 118)4 #Efl«- 

7fltil3H^ ^l#(118)^r ^E^o]! o\f% J;LJL#(114) <fld|) ^-g- ^ 

<78> S. 5f^ t^o} §-;g§^ 71^(100)^1 tf-M °Ja ^HCE 221 120 )# ^ 

^*Kr 3^(122)4 ^^t_V 5*1 3Mi}. 2^(122)^ #5-M 

(photosensitive polymer), efl^tfl #51 °H = (polyimide)-I- ^€ ?1 

^(100)^1 tfJfafl £5L^r ^, o]f -^z^oH <^H sflE^ f- 

^€ ^ 5U^. ^Tflir tfllf 25~35^m <>1 ^-*fl±r £#5]^r 

°<J3 Jf^ofl ic^ ^.^fe ^(2. 2^1 120)^1 o] ^z$\x}v\ , 

°fl*m fj^s] 7>^ ^JE ^cf. 

<79> £ 5g^r 33(122)3 ^( 130)0] #3MH(132)» # 

Efl» ^ojcf. #eflolB(132)^ #e1oinl= M^S. o]^-o^^ oio^ > 

33(122)^ ol=L^ s.£\u]o) ^^o. oj-g.^ ^^(122) $H ^^4. 

<so> £ 6a ifl^l 51 6f^r £ 4<H1 °«Ja3! aflssVfe- ^4 4i 

<8i> 71^(100) #<H1 afll ^91^(102) ^ *fll £^(105)^- zl $H1 ^2 

^<3#(112) ^ 4^7fl2l «^>*(£ 5b o] H3)# ^*Rr 3£r 5L 5a ^ 51 5b^ ^ 

<82> 51 6a^ wlo> 1-(IE 5b^ 113)°1] 4^ 7 fl^ 51 ^ ^^#(210)4 ^^tb 

^-Bfll- 5LA]*1 ^Jolcf. 
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<83> ^l^o.S, ^f^lO)^ *l]l -£^(105)^: h^WM ?]±= ^K^fiS} *)o\ 

5b3 113)^1 Ti, TiN, Ta ^ TaN ^ ^ «fl^<H ^^j-Jl, ^aiz^o. 

<84> s. 6bfe *fl2 ^^(112) ^ 51 <?1^#(210)1-^ -#^1 A]2 £^(206)* 

#Efl« £Al*l ^o)cf. 

<85>- o_S^r, ^12 ^ ^<H] iH^l^ S^r ^^1^- 

^ ^^-g- °1» srflE^^H ^12 

<86> tb^, S. 6c vfl^l £ 6f«^l 3E*1€ 2}-^^ £ 5d ifl^l £ 5g°fl 5*1 £ ^4 ^ 

<8?> oi^-oflA^ tii-^tb ^aH]7} ^^£l5i^R>, li-^s] ^<f\^ 

€ ^Cf. ^ #?1HH ^Al^ ^^l^<y <^A|^ *fl^€ H^HSfli=7> 

JlS *r 91^ <g*}^l <^H^ S ^ 7|-^>Cf. 

-S, ^ #^ 3# ^ ^^ Ho >^T£ cf^l d^lAl^ ^O^, Cf^*l ^«J-^o] ^.g.^ ^ 

^€ ^ 5^. ^l^tfl, ^ #eflol^^ ^^32). ^<a* v oj-g-^ o^ ]s _ 

^51 5U^. U\-Z}*}, -g- wv^o^ 7l#^ iLJL^^r ^€ Jj^^ul^ofl 
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1] 

3_r&6\] ^! ^c^^; 

^71 *fll ^<3# $H AjS. o]zl$o] tg^s} ^! ^ ^2 5L#; 

#7] ^7} 7\}2 J£^i Aj-olol]^ ^-71 *fll #7l *fl2 51^ .g- ^7} 

<a^Rr 4n^ti^ £Aj o^^g- S.^}^ §)Ei^L; 

^71 ^1 5L^i4 ^-71 *fl2 A>ololl ^. 7] 4^7]]^ £ ^ <g^^ A>0 ] 

^ ^H-t-^ *)12 

#71 7)^ ^-ofl P>^S)^ ^ilS, °e!S7> ^U^l^ °J3 

2] 

*fl 1 Si*]*], 

-#7) ^ *fl2 iE^ol zj-zf # 7 ] ^1^3} *fll ^ 2 ^ 

3] 
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4] 

*fl l Stl^i, 

^71 Ti, TiN, Ta 3l TaN°-S ^<*H *>M-£] 

5] 

*fl l sa°H. 

-*7l *iu ^ ^|2 51^ # S-E^- 41-7) 71^ ^ofi *8>8€ illfl- 3 ^wl^Hr 
6] 

*fl 5 %H1 
71 

(7» 7l^ *«i ^<^## ^*Rr #31; 

( MO *m ^<a^ SHI *fli E^i* ^*Rr ^^1; 

*M ^71 2])l 2^#Al7l^ 4^7fl^ Wlo> ^ cjTfl; 
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( *}) #7l j±Jl# $H ?flwl3HAi « 0 >*1^# *g^*Rr ^1; 

(*}) #71 7l^s] ^ofl o Ja ^*Hfr #711; ^ 

(°» ^71 3* ^ofl ^ i-3MH« t§ ^ ^ cj^] ;# 5£^>^ 

8] 
91 

71 4^7HS1 £^ o^^^g- ^3R=. #7^, ^"71 ^12 ^<g^ ^ ^7l JE^i <g^# ^ 

<H] ^12 JE*^ ^*Kr #31-1- i^Rr 3J-§- ^HJ-£-S SJ-fe ^EL^l H^B^Il^ aflat 

[^t 1 * 10] 

^1 9 %H) S^i, 
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#7} Ti, TiN, Ta ^ TaN SLS. o)^-o]^\ ^d\]*\ ^bh^ ^v+o] ^o. 
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